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Abbreviations and definitions

Abbreviation or term Explanation

AIM Antibiotics in Modic changes

cl Confidence interval

ITT Intention to treat

MCs Modic changes

MRI Magnetic resonance imaging

NRS Numerical rating scale

oD! Oswestry disability Index

RMDQ Roland Morris disability questionnaire
SAP Statistical analysis plan

STIR Short tau inversion recovery

CACE Complier average causal effect
C.acnes Cutibacterium acnes

SD Standard deviation

TNF-a Tumour necrosis factor alpha

IL Interleukin

IFN-y Interferon gamma

CCL Chemokine (C-C motif) ligand

MIP-1a Macrophage inflammatory protein 1-alpha
MCP-1 Monocyte chemoattractant protein 1

Background and rationale

A subgroup of patients with chronic low back pain has vertebral bone marrow changes extending
from the endplates visible on MRI (also called Modic changes (MCs)). They are classified as type 1
(oedema type), 2 (fatty type) and 3 (sclerotic type, which is less common) based on standard T1- and
T2 weighted sequences (8).

The etiology of MCs is uncertain. One theory of the underlying etiology implicates an infection with
C.acnes in the intervertebral disc (9-11). Several studies have assessed the presence of these
bacteria in intervertebral discs adjacent to MCs, with varying results (9). Contamination or
colonisation might explain the findings of C.acnes, and some argue that microbiologically inadequate
techniques might explain why C.acnes is not found in other studies (12). In studies attempting to
reduce the risk of contamination, C.acnes has been found in a smaller subset of patients(13). Hence,
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an effect of antibiotic treatment, if any, would only be expected to occur in a subset of patients with
chronic low back pain and MCs.

Other possible etiologies of MCs include biomechanical stress, degeneration and auto-immune/auto-
inflammatory mechanisms (13, 14). Evidence for these theories is mainly based on basic science and

epidemiological evidence, and there is currently no available clinical test or investigation to establish
any cause of MCs in individual patients.

The effect of antibiotic treatment in patients with chronic low back pain and MCs has been tested in
two separate RCTs (15, 16). The 2013 trial reported a large treatment effect, while the AIM trial
reported no clinically relevant (but statistically significant) differences in clinical outcome between
the treatment groups. Since amoxicillin (little or no anti-inflammatory properties) would only be
efficacious in patients with an infectious etiology, a possible explanation for the divergent results
between the two trials is that the two populations comprised different proportions of subjects with a
disc/endplate infection.

Although the overall results of the AIM trial were negative, some aspects might nevertheless suggest
the possibility of effect in subgroups. The evidence for different etiologies of MCs in different studies
(and patients) suggests an infection might at best only be occurring in subgroups. In the AIM trial,
there was a statistically significant effect, and the variability, as expressed by the SD of the primary
outcome, was higher in the amoxicillin group than in the placebo group (unpublished results)(16).
Ideally, identification of individuals who could benefit from amoxicillin treatment would be by
documenting evidence of C.acnes infection of the intervertebral disc or endplate. However,
identifying patients with local C.acnes infections is known to be challenging for several reasons, eg.
difficulties with collecting good quality and relevant sample material of sufficient amount in a safe
manner, methodological challenges in microbiological labs, and securing sterility during the entire
process from collection of sample to completed culture period(17). An alternative approach could
therefore be to identify patients using indirect evidence of C.acnes infection.

Cytokines are key signal molecules of the immune system produced by various cells and tissues(18),
including disc cells (19) involved in the pathophysiology of disc degeneration and MCs (20, 21). The
regulation of each cytokine is intricate and involves the orchestration of a complex network of cells
and other cytokines. The cytokines play a key role in the host response to infection and trauma as
well as in immune-mediated diseases (22). Distinct cytokine patterns may distinguish between
infection, and other inflammatory etiologies in conditions like encephalitis (23-25), systemic lupus
erythematosus (26) and diabetes (27). Local infection with C.acnes can induce increased cytokine
levels in the intervertebral disc {28-31) and serum (32-35) (table 1). Cytokine levels in peripheral
blood mononuclear cells may distinguish pathogenic from commensal C.acnes phylotypes in skin
(36). A possible infectious etiology of MCs could therefore potentially be associated with increased
levels of certain cytokines and/or a distinct serum cytokine pattern.

Serum cytokine levels could also be associated with prognosis in patients with low back pain. Low
serum interleukin(IL)-6 and high TNF-a was associated with worse outcome after 6 months in
patients with acute low back pain (37). A systematic review found no other studies that looked at
how cytokine levels was related to prognosis in non-specific low back pain (excluding e.g. disc
herniation, search ended July 2019) (38). In patients with lumbar radicular pain, increased levels of
IL-6 (39) and IL-8 was associated with worse outcome after 12 months follow-up (40).
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Table 1- Summary table of evidence of increase in cytokine levels {in disc and serum), relevant for objective 2 (cytokines
as predictors of treatment effect)

Cytokine Measured in Measured in
intervertebral disc Serum
IL-18 4 in C.acnes stimulated ¢ inflammatory back pain (ankylosing
human disc cells(30, 31) spondylitis)(41)
IL-8 /M in histologically and PCR N in acne(33)

confirmed C.acnes discitis(28) <> in C.acnes prostatitis(35)

M in C.acnes inoculated rat

in occult infections (Onchocerca volvulus
discs(29) T (

infection{42))
A in C.acnes stimulated
human disc cells(30, 31)

TNF-a /" in histologically and PCR 1 in acne(33),
confirmed C.acnes discitis(28) 2 in C.acnes hepatitis(32)
N inflammatory back pain (axial SpA)(43)

IL.-6 M in C.acnes stimulated N in C.acnes hepatitis(32),

hifman diseleetis|30, Sit) &> in C.acnes prostatitis(35)

M periprostethic (knee and hip) infection
generally(44) and with C.acnes(34)

/N inflammatory back pain (axial SpA(43) and
seronegative SpA(45))

IFN-y 1 in C.acnes hepatitis(32) and presence of serum
bacterial DNA or cell wall products
(lipopolysaccharides)(46-49)

IL-12 N in C.acnes hepatitis(32)

I1L-10 Associated with an increased susceptibility to and
persistence of various bacterial agents {50)

CCL3 /" in C.acnes stimulated ‘M in occult infections (Onchocerca volvulus

(MIP-1a) human disc cells(31) infection(42))

/N in histologically and PCR
confirmed C.acnes discitis(28)

CCL2 N in histologically and PCR A in occult infections (Onchocerca volvulus
(MCP-1) confirmed C.acnes discitis(28) infection(42))
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The AIM-trial

The AIM trial was a six centre, randomised, parallel-group, placebo-controlled trial on the effects of
three months of treatment with Amoxicillin in chronic low back pain patients with type 1 or 2 MCs at
a level with previous disc herniation (defined as index level). In primary type 1 MCs, type 1 is the
most extensive type at the evaluated endplate. In secondary type 1 MCs, type 1 is present, but
another type is more extensive. Patients were classified in the MC type 2 group if they had type 2
MCs, but not any type 1 MCs (primary or secondary), at a previously herniated disc level.

Further details of the inclusion and exclusion criteria can be found in (1).

The primary outcome in the AIM trial was pain-related disability measured by the Roland-Morris
Disease Questionnaire (RMDQ, score range 0 to 24) at one-year follow-up. Secondary outcomes
included pain-related disability assessed by the ODI and low back pain intensity on a 0-10 NRS (1).
The minimal clinically important between-group difference in mean RMDQ score was defined as 4
points.

The sample size for the main trial results was calculated to assess the treatment effect separately in
each MC type group (1/2). In each MC type group, the study was designed to detect (8 = 0.1, two-
sided a = 0.05) a mean difference of 4 {SD 5) in the RMDQ score between the two treatment groups
(amoxicillin or placebo) at one-year follow-up. In total 180 patients were actually included (intention
to treat population), 118 in the MC type 1 group and 62 in the MC type 2 group (16).

The trial protocol gives further details regarding sample size calculation and trial methods (1).

The AIM trial showed a statistically significant — but not clinically important — effect of Amoxicillin in
the type 1 MC group, but no effect in the in the type 2 MC group (16). Subgroup analyses indicated a
clinically relevant effect in patients with MC related oedema on MRI STIR sequences/series (7) and
possibly also a borderline clinically relevant effect in younger patients (aged < 40 years)(6).

Patients

Patients included in this present study were a selected group with as ‘pure’ MC types as possible,
who gave consent to participate in the AIM trial, and who provided blood samples and underwent
MRI prior to enrolment. Of those selected 78 subjects were eventually randomized and took part in
the AIM trial, 6 subjects did not satisfy the AIM eligibility criteria and were not included in the AIM
trial (figure 1).

The selection criteria for this present study were, firstly, that two study radiologists agreed that the
MRI inclusion criteria of the AIM trial {(52) were fulfilled (i.e., type 1 and/or type 2 MCs with height >
10% of vertebral body height and diameter > 5 millimeters existed at the level of a prior disc
herniation (index level)). Secondly, that type 1 was the most extensive MC type at two or more index
level endplates (categorized as MC1, n=47) or that type 2, but not type 1, existed at the index level
(categorized as MC2, n=48). From this selected group we included 84 subjects (46 MC1, and 37 MC2)
in the present study.

Controls
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50 healthy individuals without back pain last 3 months provided blood samples at the blood donor
centre (Blodbanken), Oslo University Hospital. All patients and controls provided a written informed
consent, and the trial as well as the added project with controls was approved by the Regional Ethics
Committee in South East Norway (project 2014/158/REK sgr-gst C)

Cytokine measurements

We measured a standard panel of cytokines in serum using a Pro Human Chemokine multi-bead
assay (Bio-Rad, Norway). Data was recorded with a Luminex IS 100 instrument (Bio-Rad, Hercules,
CA, USA) and protein concentrations were finalized using recombinant standard curves. One cytokine
(CXCL5) was not detected in the measurements of most patients and was excluded from the
statistical analyses.

Cytokine profiling

In order to identify subsets of subjects based on cytokine profiles, we performed cluster analyses
using unsupervised hierarchical clustering and k-means partitioning. We split the heatmap using k-
means partitioning of patients and hierarchical clustering of cytokines using the complex heatmap R
package (53). Individuals were clustered by using complete linkage of Euclidean distance, and
cytokines were clustered using Pearson correlation. The analysis was based on between-subject
distances in log-transformed cytokine values standardised to z-scores, thus individuals with shorter
distance would more likely be clustered together. The cluster analysis was performed without any
post-randomization variable and done prior to any analyses described in this SAP. The results were a
classification of patients with MCs into 4 categories (named as category 1 to 4 below} based on their
cytokine profile (figure 2) that will be used in the analyses for this SAP.

10
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Figure 1 — Flowchart (with numbers relevant for cytokine measurements in red)

582 Assessed for eligibility in the AIM-study

/

310 Failed to meet
inclusion/exclusion
criteria (5 measured
cytokine levels)

180 Underwent randomisation

Healthy controls
50 measured
cytokine levels

78 measured cytokine levels

v

89 Allocated to amoxicillin and started study
medication

46 measured cytokine levels

46 measured cytokine levels and reported
RMDQ at baseline

End of study during treatment
—> phase (0-3 months):
none

A 4

Treatment non-completion:

1 stopped study medication due to an adverse event
related to protocol deviation'

2 stopped study medication due to an adverse event?
4 non-compliers

Vv

45 patients evaluated at 1-year follow-up

45 reported RMDQ at 1 year

41 included in the complier population
Treatment non-completion (n=5)

46 Included in the intention-to-treat population

v

91 Allocated to placebo and started study
medication

32 measured cytokine levels

31 measured cytokine levels and reported
RMDAQ at baseline

End of study during treatment
phase (0-3 months):
1 lost to follow-up

A 4

Treatment non-completion:
2 voluntarily discontinued study medication?
4 non-compliers

v

28 patients evaluated at 1-year follow-up

28 reported RMDQ at lyear

24 included in the complier population
End of Study before 3 months (n=1)
Treatment non-completion (n=6)
Given both amoxicillin+placebo (n=1)*

32 Included in the intention-to-treat population

included in the complier population

| One patient in the amoxicillin group became pregnant (protocol deviation as all patients were instructed to use contraception), not

2 Two patients in the amoxicillin group stopped study medication due to adverse events and were included in the complier population
3 Two patients in the placebo group discontinued because they started three month treatment with amoxicillinc/clavulanic acid
4 Due to a mistake at phanmacy, the patient was given a mix of bottles containing amoxicillin and placebo
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Figure 2 -Heatmap of cytokine levels with classification of patients based on unsupervised hierarchical clustering using k-
means partitioning
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The heatmap X-axis shows patients (ordered by clustering based on complete linkage with Euclidean
distance measure), and the Y-axis shows cytokines (ordered by clustering based on Pearson
correlation as distance measure). The top colour row highlights the 4 categories of patients which
will be used in analyses
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Objectives
The objectives covered in the present Statistical Analysis Plan are:

1. To evaluate whether certain profiles of serum cytokine levels predict any treatment effect of
3 months oral amoxicillin in patients with chronic low back pain and type 1 or 2 MCs at the
level of a previous lumbar disc herniation (cytokines as predictors of antibiotic treatment
effect)

2. To evaluate whether certain profiles of systemic serum cytokine levels provide added
prognostic value over known prognostic factors in patients with chronic low back pain and
type 1 or 2 MCs at the level of a previous lumbar disc herniation (cytokines as prognostic
factors independent of treatment)

Hypotheses

For each objective (1 and 2 above), we made respective hypotheses that

1. Patients with a certain pattern of serum cytokine levels at baseline in the antibiotic group
report a significantly lower RMDQ score at one-year follow-up than patients with the similar
cytokine pattern in the placebo group

2. Serum proinflammatory cytokine levels are associated with change in RMDQ score from
baseline to one-year follow-up, given known prognostic factors.

Statistical principles

All analyses described in this plan are considered exploratory in the sense that the present objectives
were not described in the original protocol, and are performed after results for treatment efficacy in
the main trial (5) and in clinical and radiological subgroups (6, 7) were available. Any additional
analyses not described in this SAP will be identified as post hoc in the article. Some analyses are
based on pre-defined subgroups, (e.g. defined in advance of analyses), others on post-defined
subgroups, meaning that subgroups will be defined by a data-driven approach.

All outcomes are analysed for superiority of one intervention compared to the other (hypothesis 1)
or of having compared to not having a prognostic factor (hypothesis 2). All relevant statistical tests
will be 2-sided and the nominal p value will be reported. All confidence intervals presented will be
95% and 2-sided. The assumption of normal distribution will be checked by visual inspection of a QQ-

plot.

13



Statistical Analysis Plan for analysis of cytokines as prognostic factors and predictors of antibiotic
treatment effect in patients with chronic low back pain and Modic changes (the AIM trial) - - version
1.0

Statistical significance is claimed on the significance level {(alpha) of 0.05 {two-sided). We will not
adjust the significance level due to multiple testing as these analyses are hypothesis generating
(exploratory) in the sense that any evidence of predictors of treatment effect will need to be
confirmed in future studies (54).

Statistically significant differences of < 4 RMDQ points will not be considered clinically relevant (52).
We calculate power / sample size for the top ranked analysis of pre-defined subgroups for each
hypothesis, as recommended by the PROGRESS framework (3) (details given below under the
respective analyses).

All analyses will be carried out using software packages Stata and R, blinded to treatment group.

Analysis populations
We will perform all analyses of potential cytokines as prognostic factors and as predictors of
treatment effect in the ITT population (n=78).

Baseline cytokine profiles
According to the cluster analysis described above subjects will be categorized by one of four cytokine
profiles (figure 2).

Description of baseline characteristics

For analyses of predictors of treatment effect

In addition to the demographic and baseline characteristics given in the main report of the AIM trial
(16), we will report for each treatment group number and percentages of patients with arthritis,
osteoarthritis, diabetes, cardiac/pulmonary disease, psychiatric disease, self-reported sleep
disturbance and STIR composite variables (groups 2 and 3 (7)). For each treatment group we will also
report the distribution of the cytokine profile categories at baseline (Table 5). We will summarise
categorical variables by numbers and percentages, and continuous variables by mean and SD (if
normal distribution) or median and interquartile range (if skewed distribution). We will note the
clinical importance of any imbalance in baseline data between the treatment groups without
statistical testing.

For analyses of prognostic factors

The report on baseline characteristics for the paper on prognostic factors will describe for each
prognostic factor variable of interest (i. — ii. In table 3) the same baseline characteristic as in the
report on predictors of treatment effect, in each category of the prognostic factor.

Methods to handle missing data

Analyses of predictors of treatment effect (hypothesis 1) and of prognostic factors (hypothesis 2) will
be based on imputed values unless stated otherwise. Missing RMDQ, ODI, LBP intensity and fear
avoidance values will be imputed. For RMDQ we will first perform a mean imputation at any
timepoint in those cases where less than 30% of the questions are missing and secondly a multiple
imputation in those cases where more than 30% of the questions are missing at any timepoint. The
multiple imputation model will use predictive mean matching. We will impute both RMDQ and LBP
intensity at baseline, 3 months, 6 months, 9 months and 12 months, ODI score at baseline, 3 months

14



Statistical Analysis Plan for analysis of cytokines as prognostic factors and predictors of antibiotic
treatment effect in patients with chronic low back pain and Modic changes (the AIM trial) - - version
1.0

and 12 months, and fear avoidance at baseline, using index EQ5D-5L score (at baseline, 3 and 12
months), and the following baseline variables: age, leg pain (NRS 0-10), comorbidity (Functional
Comorbidity Index), emotional distress, physical work load, psychiatric comorbidity (yes/no), other
specific comorbidity (numerical, one point for each of rheumatoid arthritis, osteoarthritis, Diabetic,
Cardiac/pulmonary), sick leave, NSAIDs use (at baseline and one-year follow-up), sleep disturbance,
BMI, smoking, former surgery for disc herniation, study center, Modic type group, STIR composite
group, cytokine classification group, principal component 1 (from analyses 3 A and B under analyses
of hypothesis 1), treatment group, and the interaction terms cytokine classification group x
treatment, principal component 1 (for 3A) x treatment and principal component 1 (for 3B) x
treatment as predictors in the imputation model. The imputation model can be reduced if the
imputation does not converge. Fifty imputations will be performed(55} and the imputation model
will include the same patients who are included in the analysis (n=78).

Analyses of cytokines as predictors of antibiotic treatment effect
(hypothesis 1)

Descriptive statistics

We will present the heatmap and dendrogram in figure 2, with the same order of patients and
cytokines {based on analysis performed for figure 2), but with an additional color-coded marker row
for treatment group, including a color-coded bar classifying patients into 1 (<30% improvement of
RMDQ from baseline to 1 year), 2 (>30% and <50% improvement of RMDQ from baseline to 1 year), 3
(>50% and <75% improvement of RMDQ from baseline to 1 year, 4 (>75% improvement of RMDQ
from baseline to 1 year).

Inferential statistics

To explore potential predictors of treatment effect we will perform six main analyses (1A, 1B, 1C, 2A,
3A, 3B) of predictors of antibiotic treatment effect (Table 2). All six analyses will be performed using
multiple regression with RMDQ score at one year as dependent variable and the interaction term
(predictor*treatment group) as independent variable adjusted for baseline RMDQ score, the
potential predictor, the treatment group, the randomization stratification variables (MC type (1/2)
and for former disc herniation surgery (yes/no)).

We will only use the baseline value for any potential predictor of treatment effect and for any
covariate. Within each category (subgroup) of categorical variables, we will report the treatment
effect predicted in the interaction term analysis by marginalizing (using the margins command in
Stata) over the other covariates (and not perform a separate stratified analysis).

We will present results of analyses 1A, 1B, 1C, 2A, 3A and 3B in a forest plot of effect estimates for
each potential predictor of treatment effect with 95 % Cls and the p value for the interaction
(predictor *treatment group). The overall treatment effect will be marked on the plot (56). The plot
will also show the treatment effect within subgroups.
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Table 2 -Main analyses of cytokine-defined predictors of treatment effect

Hypothesis and rationale Variables and subgroups Analysis
Hypothesis 1: Patients with a certain pattern Post-defined subgroups
of serum cytokine levels at baseline in the Subgroups are not defined yet but will be
antibiotic group report a significantly lower defined based on a predefined data-mining
RMDQ score at one-year follow-up than statistical analyses with recursive partitioning
patients in the placebo group. (stage 1 of analysis 1). The three recursive
Rationale: An infection of the intervertebral par.tltlonn"lg models differ only in terms of
disc (discitis) could be associated with a . varlablgs |nclu'ded: . . ]
distinct serum cytokine pattern that is i. Cyto?unes Wlth. a 'b|olog|cal ratlona.le for_a . 1A
different from the pattern in a patient without p955|ble association with C.acnes infection in
such infection. We have ranked the post- disc (IL-1B, IL-8, TNF-a, IL-6, IFN-y, IL-12, 1L-10,
defined (data-driven) subgroup analysis first as | GELS, CCLZ)_ o
there is a limited knowledge about C.acnes ii. Cytokines with a biological rationale for a 1B
intervertebral discitis and serum cytokine possible association with C.acnes infection in
levels, and relevant classifications and cut-offs disc + age and STIR composite variable
might go unnoticed in analysis of pre-defined iii.  All 39 cytokines 1c
subgroups (57).
In the selection of the pre-defined subgroups, Pre-defined subgroups
we pay more attention to the pattern rather Prespecified classification based on cluster
than the number and amount of increased analysis (figure 2), giving four categories of
cytokine levels. In analyses 2, we hypothesise patients.
category 1 and 2 is the most likely category of iv.  Classification group dichotomized into 2A
patients with treatment effect, due to category 1+2 (hypothesized group with
increased levels of TNF-a, IFN-y and IL-10 (and treatment effect) vs category 3+4.
correlated cytokines).
Prespecified classification based on principal
component 1 of principal component analyses of:
v. Cytokines with levels that were significantly 3A
different from the healthy controls (CCL11,
CCL22, CCL21, 1L4, CCL26, IL6, CXCL13,
CX3CL1, CCL27, CXCL6, CCL20, IFNy, CCL1S,
IL2, CCL17, IL16, CCL25, CCL7, CCL13, MIF,
CCL3, CCL15, CCL23, CXCL16)
vi.  All 39 cytokines 3B
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Main analyses
The following main analyses are ranked in order, from what we consider most to least likely
predictors of antibiotic treatment effect (based on prior evidence and knowledge of cytokines).

Analyses 1 (A, B and C), based on post-defined subgroups

Far analysis 1, we will perform a two-stage analysis. The first stage will be based on a Recursive
partitioning analysis in order to classify patients into categories, while the second stage will be a
regression analysis with the categories defined in stage 1 as potential predictors of treatment effect.
The recursive partitioning analyses has the advantage that it can identify subgroups defined based on

more than one variable.

In stage 1, we will use Recursive partitioning analyses (using the R package SIDEScreen), with RMDQ
at 1 year follow up as dependent variable, each branch assessed by the effect estimate of the
interaction term between the subgroup and the treatment group. Stopping conditions will be L=3

and nmin=5, and a complexity criterion 0.5 (58). An adaptive SIDEScreen procedures approach will be
used(58), selecting the biomarkers with variable importance scores above a certain threshold,
defined as 15™ percentile of the null distribution of the largest variable importance score (that is, if
there is completely noninformative cytokines, no cytokine will be selected for the second step 85% of
the time). These stage 1 analyses will only include 73 patients with nonmissing outcomes at one-year
follow-up. The three following stage 1 models will be analysed (differs only in terms of variables
included), in prioritized order:

A. Variables will include cytokines with a biological rationale for a possible association with C.acnes
infection in disc (IL-1p, IL-8, TNF-q, IL-6, IFN-y, IL-12, IL-10, CCL3, CCL2).

B. Variables will include cytokines with a biological rationale for a possible association with C.acnes
infection in disc (IL-1f, IL-8, TNF-q, IL-6, IFN-y, IL-12, IL-10, CCL3, CCL2) and also include age and
STIR composite variable.

C. All 39 cytokines are included as variables.

In all analyses (A, B and C) we will use cytokine variables as categorical with cutoffs at -2, -1.5, -1, -
0.5,0,0.5, 1, 1.5 and 2 SD above the mean in the healthy control groups, STIR composite variable as
categorical (1, 2 or 3) and age as continuous variable.

In stage 2, a regression analysis (as described above) will be performed (n=78), where the potential
predictor of treatment effect of interest will be defined based on the results of the stage 1 analyses.
Each of the three stage 1 analyses {A, B and C) will result in one regression analysis that we will
perform in prioritized order (1A, 1B and 1C, respectively).

Analyses 2, based on prespecified subgroups

We will use the same regression statistical model for the analyses 2 (n=78), with the cytokine
classification group (4 categories of patients, figure 2) as the potential predictor of treatment effect.
The classification group variable will be dichotomized into category 1 and 2 vs category 3 and 4. We
hypothesize a treatment effect of antibiotics in the combined classification category 1 and 2.
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Analysis 2 will be underpowered to detect a difference of 4 RMDQ points. The number of participants
(n=24 vs n=13) will provide the power to detect a difference in mean RMDQ scores of 5.0 {a=0.05,
B=0.2, SD=5, (using ‘power twomean’ command in Stata)) in the stratified analysis (answering what
the effect of antibiotics in the combined group of cytokine classification category 1+2 is). Although
5.0 RMDQ points is higher than what we assumed patients consider as minimally clinically important
difference, it is still less than 50% of the mean baseline value, and we find this an acceptable effect
size given the nature of the intervention and that the former trial reported a difference in means of 8
RMDQ-points between the antibiotic and the placebo group. Inserting n=13 {placebo) and n=24
(amoxicillin) for the subgroup of interest, and n=19 (placebo) and n=22 (amoxicillin) for the
comparable subgroup (see table 5A), a twoway ANOVA power calculation (using ‘power twoway’
command in Stata, given a=0.05, SD=5, and effect size=6 RMDQ-points, provide a power of 0.72 for
the interaction test (answering what the difference between the effect of antibiotics in the combined
cytokine classification category 1+2 and the effect of antibiotics in combined cytokine classification
category 3+4 is). The same numbers (n=13,24,19 and 22; a=0.05; SD=5) with f=0.2 provide an effect
size of 6.6 RMDQ-points. The real power of our analysis is likely improved by the inclusion of the
other covariates. However, as our analyses are likely underpowered to detect a minimally clinically
important difference of 4 RMDQ-points, we will focus on the effect size rather than p-values when
interpreting our results.

Analysis 3 (A and B)

Analyses 3 (A and B) are considered an overall test of prediction of treatment effect of cytokines. We
will perform a two-stage analysis. The first stage will be principal component analyses performed in
order to create new variables {principal components) based on cytokine levels, which we will test as
a potential predictor of treatment effect in the second stage by a regression analysis. We will
perform two stage 1 analyses (see models A and B below), each will form basis for a stage 2 analysis.

In stage 1, we will use Principal component analysis (by using the pca command in Stata) in two
following models {differs only in terms of variables included), in prioritized order:

A. Variables will include cytokines with levels that were significantly different from the healthy
controls (CCL11, CCL22, CCL21, IL4, CCL26, IL6, CXCL13, CX3CL1, CCL27, CXCL6, CCL20, IFNYy,
CCL19, IL2, CCL17, IL16, CCL25, CCL7, CCL13, MIF, CCL3, CCL15, CCL23, CXCL16).

B. All 39 cytokines are included as variables.

These stage 1 analyses are already performed prior to publication of this SAP, giving a proportion of
variance explained by principal component 1 of 34.9% in analysis A and 31.4% in analysis B.

In stage 2, a regression analysis (as described above) will be performed, where the potential
predictor of treatment effect of interest will be defined as the principal component 1 from the stage
1 analyses A and B. Both stage 1 analyses (A and B) will result in one regression analysis that we will
perform in prioritized order (3A and 3B, respectively).
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Supportive and sensitivity analyses

As supportive analyses for 1 (A, B and C), we will perform:
I.  Analyses with LBP intensity and ODI score at one year as dependent variables to assess if any

subgroup effect is consistent across related outcomes, as recommended (59).

If clinically important differences between the treatment groups in analysis 1 (A, B and C), we

will also perform the following supportive analyses:
II.  Analyses with RMDQ score at 3 months follow-up as dependent variable, otherwise similar as

above.

[ll.  Responder analyses with responders defined as >30%, >50% and >75% improvement in RMDQ
from baseline to one year, including calculation of numbers needed to treat. For these analyses
we will consider >50% and >75% improvements as more likely in any underlying infection
(discitis).

IV.  Linear mixed effects (LME) models with RMDQ as dependent variable, and 3-part interaction
term time x treatment group x cytokine classification group (treating time as a categorical
variable), adjusted for MC type (1/2) and for former disc herniation surgery (yes/no). All LME
model specifications will be selected based on Aikaike's Information Criterion. Based on the
selected model, we will do a pairwise comparison of marginals to estimate the treatment effect
for the cytokine classification groups of interest.

If analysis 2 (A and B) or 3 (A, B) result in clinically relevant treatment effect, we will consider the

same supportive analyses (I-1V) as listed above.

Sensitivity analyses for 1 (A, B, C), 2 (A) and 3 (A, B):

-Independence of effect: If the treatment effect (difference in RMDQ score at 1 year follow-up
between antibiotic and placebo groups) are mare than 4 RMDQ points in any of the main analyses
1(A, B, or C), 2(A), or 3(A or B) we will repeat the same analysis including interaction terms of all such
relevant variables x treatment group, age (dichotomized as above or below 40 years) x treatment
group and STIR composite variable x treatment group (without the individual covariates age and STIR
composite variable) in the same regression analysis (59). Both age and STIR composite variable
modified the treatment effect in our prior analyses.
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Analyses of cytokines as prognostic factors (hypothesis 2)

For hypothesis 2, we define eleven main analyses (1, 2A, 2B, 3, 4A, 4B, 5A-E) of prognostic factors.
These main analyses are ranked in order, from what we consider most to least likely to be prognostic
factors (based on prior evidence and knowledge of cytokines).

Main analyses

We will perform linear regression models as main analyses that all will have the following in
common:

-Relative change in RMDQ from baseline to one-year follow-up will be dependent variable. This
differs from other analyses in the AIM trial (RMDQ at one-year follow-up was dependent variable)
because we here consider it problematic to adjust for baseline RMDQ-score as it could induce bias
(due to regression to the mean or horse-riding / collider problems) (60). Such adjustment could on
the other hand also be highly desirable because baseline score is thought to be one of the most
important predictors of future follow-up scores (61, 62). Our choice of dependent variable attempts
to take the baseline value into account, while avoiding the possible problem related to adjusting for
the baseline value.

-Due to power limitations we will restrict the number of covariates/independent variables to eight
(10 patients/independent variable)(63). Based on suspected prognostic factors for LBP disability (61,
62) and suspected factors associated with serum cytokine levels (64, 65), we will add the following as
covariates into the model due to possible confounding: age, leg pain {0-10 NRS), fear avoidance,
emotional distress {dichotomized into HSCL-25 >1,75 and <1,75}, psychiatric comorbidity (yes/no),
other specific comorbidity (numerical, one point for each of rheumatoid arthritis, osteoarthritis,
Diabetic, Cardiac/pulmonary) and sick leave (categorized into 1. working full time, 2. partial sick leave
and 3. complete sick leave / disability pension / unemployed / student/other/unknown). Age, leg
pain and fear avoidance will be continuous variables.

For each model we will evaluate:

1. The predictiveness by comparing the multiple correlation coefficient R? of the complete model
with the R? in the model without the independent variable of interest (66).

2. The effect size described in terms of relative change in RMDQ. We will consider effect size >30% as
clinically relevant, which equates approximately to a difference of 4 out of 12.8 (at baseline) RMDQ
points.

The following models (1, 2A, 2B, 3, 4A, 4B, 5A, 5B, 5C, 5D, S5E) will differ in choice of independent
variable of interest, which will be:

1. Cytokine category group based on cytokine classification group (4 categories of patients,
figure 2). Each category of patients will be assessed versus the three other categories
combined.

2. Classification variable defined by a Recursive Partitioning analysis using RPART command in
R. Relative change in RMDQ from baseline to one-year follow-up will be dependent variable.
Only patients nonmissing values in both baseline and one-year follow-up RMDQ score will be
included. Stopping conditions will be maxdepth=3 and nmin{minimal number of observations
in terminal/leaf node)=5. We will use tenfold cross-validation and a complexity parameter of
0,01. We will perform two Recursive Partitioning models that differs only in what variables
that are included:
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A. all 39 cytokines

B. all 39 cytokines, age, leg pain (0-10 NRS), fear avoidance, emotional distress, psychiatric
comorbidity (yes or no), physical workload, and sick leave.

In models 2A and 2B we will use cytokine variables as categorical with cutoffs at -2, -1.5, -1, -

0.5,0,0.5, 1, 1.5 and 2 SD above the mean in the healthy control groups, and other variables

as defined for the linear regression analyses above. Physical workload will be categorized

into 1. mostly sitting, 2. job requires a lot of walking and 3. job requires a lot of walking and

lifting / job requires physically heavy work.

3. Abnormal cytokine values, based on PCA analysis of healthy controls and patients with MCs
(figure 3), dichotomized into normal (inside yellow circle) and abnormal (outside yellow
circle) cytokine levels.

4. Principal component 1 (continuous variable} from
A. PCA analysis 3A of cytokines as predictors of treatment effect
B. PCA analysis 3B of cytokines as predictors of treatment effect

5. Individual cytokines categorized with cutoffs at 0, 1 and 2 SD above the mean in the healthy
control groups
A. MIF levels
B. TNFa levels (67)

C. IL-6 levels
D. IL-8 levels
E. IL-1B levels

For model 2B we will avoid adding any covariate that is also used to define the independent
variable of interest. E.g. if the recursive partitioning model define the independent variable
based on age and leg pain, we will exclude age and leg pain as covariates in the final linear
regression model.

For all models a sample size (n=78) will, assuming an R? of 30% in the incomplete model including
seven known prognostic factors but without the one independent variable of interest (estimates of
R? in models excluding baseline values are 20-30% (68, 69)), give a power (a=0.05, f=0.2) to detect
increases of 7% (absolute percentage points) in R? in the complete model with one variable of
interest and seven covariates (using the ‘power rsquared’ function in Stata). For model 1, detecting a
difference of 30% in change from baseline RMDQ (SD 5) between two groups of n=28 and n=44 will
give a power (a=0.05) of 90% (using the ‘power oneway’ function in Stata).
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Table 3 - Main analyses of cytokine-defined prognostic factors

Hypothesis and rationale \ Variables and subgroups Analysis
Hypothesis 2: Serum proinflammatory
cytokine levels are associated with change in i. Prespecified classification based on cluster 1
RMDQ score from baseline to one-year follow- analysis (figure 2), giving four categories of
up. patients (pre-defined)
Rationale: Serum cytokine levels could be
associated with prognosis in patients with low | ji,  Subgroups defined based on data-mining 2A
back pain. Low serum IL-6 and high TNF in statistical analyses with recursive partitioning
patients with acute low back pain was of all 39 cytokines (post-defined)
associated with worse outcome after 6 iii. Subgroups defined based on data-mining 2B
months (37). In patients with lumbar radicular statistical analyses with recursive partitioning
pain, increased levels of IL-6 and IL-8 was of all 39 cytokines and known prognostic
associated with worse outcome after 12 factors for disability: age, leg pain (0-10 NRS),
months follow-up (40). fear avoidance, emotional distress,
Subgroups ii. and iii. are motivated by their comorbidity, physical workload, and sick leave
ability to assess different cut-off values of (post-defined)
cytokines, which could be important given the |y,  Abnormal cytokine values, based on PCA 3
possibility that physiological reactivity may analysis of healthy controls and patients with
require threshold concentrations (67). MCs (figure 3), dichotomized into normal
(inside yellow circle) and abnormal (outside
yellow circle) cytokine levels (pre-defined)
v. Principal component 1 from PCA analysis 3A 4A
of cytokines as predictors of treatment effect
(pre-defined)
vi. Principal component 1 from PCA analysis 3B 4B
of cytokines as predictors of treatment effect
{pre-defined)
Individual cytokines, categorized with cutoffs
at 0, 1 and 2 SD above the mean in the
healthy control groups (pre-defined)
vii. MIF levels 5A
viii. TNFa levels 5B
ix. IL-6levels 5C
x. 1L-8levels 5D
xi. IL-1B levels 5E
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Supportive and sensitivity analyses
Supportive analyses:

Calculate Area under ROC curve (AUC), cutoff value, positive predictive value, negative predictive
value, sensitivity and specificity (internal validation/assessing performance (70, 71))

With 30% improvement of RMDQ from baseline to one-year follow-up as the gold standard status
{diagnostic variable), we will calculate Area under ROC curve (AUC), cutoff value, positive predictive
value, negative predictive value, sensitivity and specificity for each independent variable of main
analyses {1, 2A and 2B) as a prognostic variable of interest (test variable). We will consider the same
calculations for each independent variable of the additional analyses (3 to 5).

Assess the direct effect of cytokines on relative change in RMDQ score (baseline to 1-year) in the
possible case that baseline value of RMDQ mediates any overall/total effect:

For each linear regression model of the main analyses (1, 2A and 2B) we will perform the same
analysis including baseline value of RMDQ as a covariate. These models could also be interpreted to
provide estimates of the prognostic effect (without causal inference) of cytokines given a specific
baseline value, and we can therefore safely ignore the possible problems with bias mentioned above
{under Main analyses). We will consider the same sensitivity analysis for each linear regression model

of the main analyses (3 to 5).

Assess the effect of cytokines on relative change in RMDQ score (baseline to 1-year) in the placebo
group only, in the possible case that that the subgroup predicts treatment effect:

We will consider (depending on results and power), for each linear regression model of the analyses
1, 4 and 5, performing the same analysis including only patients in the placebo group.

Internal validation
We will consider internal validation on any analyses 1 to 5 (depending on results) by using
bootstrapping.

Sensitivity analyses:

The following sensitivity analyses will be performed for the main analyses (1, 2A and 2B), and will be
considered performed for the main analyses 3 to 5:

Assess the possibility that covariates included in main analyses are non-confounders/mediators:
For each linear regression model of the main analyses 1, 2A and 2B, we will perform unadjusted
analysis with relative change in RMDQ from baseline to one-year follow-up as dependent variable,
and the same independent variable as used in each respective model (1, 2A and 2B). These
unadjusted analyses are recommended as we cannot rule out the possibility that the covariates
included in the main analyses could be non-confounders or mediators (72). Each model will be

compared to their respective main analysis by assessing R%.

Assess other possible confounders (not included in main analyses due to power limitations):

We will perform a sensitivity analysis for the main analysis (1, 2A and 2B), with the same statistical
model but only including covariates with statistically significant beta coefficient in the corresponding
main analysis, and depending on available number of further covariates (given maximum eight), the
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following covariates will be considered: treatment group (amoxicillin/placebo), comorbidity, NSAIDs
use (at baseline and one-year follow-up), physical workload, sleep disturbance(64), BMI, smoking,
LBP intensity at baseline (0-10 NRS), and prior surgery for disc herniation. Each sensitivity analysis
will be compared to their respective main analysis by assessing R%.

The following sensitivity analyses will be considered performed:

Assess the possibility of non-linear effects of the cytokine

For each main analyses 5 (A-E), we will consider using a correspondent multivariable fractional
polynomial (MFP) model or other polynomial regression model (73). All covariates of the original
regression analyses will be forced included (by setting nominal p-values for variable selection to one
in MFP model), only the independent variable of interest will be tested for a non-linear relationship
(degrees of freedom for other continuous variables will be set to one) with (for MFP) standard
powers (-2, -1, -0.5, 0, 0.5, 1, 2, and 3) and a fractional polynomial election significance level of 5%
(using the mfp command in Stata). Each MFP model will be compared to its respective main analysis
by assessing R

Independence of effect:

In the case of statistically significant association between the relative change in RMDQ from baseline
to ane-year follow-up and the independent variables in analyses 1 to 5, we will assess the
independence of any effect by including all variables significantly associated with outcome into the
same model. We will add the following as covariates into the model due to possible confounding
(same as above) but will consider leaving out some covariates if many cytokines are included: age,
leg pain (0-10 NRS), fear avoidance, emotional distress, comorbidity, physical workload, and sick
leave. We will also consider selecting out any cytokines in the model that are highly correlated.

Further tables and figures

Table 4 - Criteria for evaluating the results of the present analyses of
potential predictors of treatment effect

When interpreting the plausibility of any potential predictors of treatment effect, we will use the
following criteria for evaluating subgroup analyses (59) (currently known answers for present analysis
in parentheses):

Design
Is the subgroup variable a characteristic measured at baseline or after randomisation?* (At baseline)
Is the effect suggested by comparisons within rather than between studies?
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Was the hypothesis specified a priori? (Partly. The hypotheses were specified before any analyses
described in the current SAP were performed, but after results for treatment efficacy in the main trial
(5) and in clinical and radiological subgroups (6, 7) were available)

Was the direction of the subgroup effect specified a priori?* (Yes)

Was the subgroup effect one of a small number of hypothesised effects tested?

Analysis
Does the interaction test suggest a low likelihood that chance explains the apparent subgroup effect?
Is the significant subgroup effect independent?*

Context

Is the size of the subgroup effect large?

Is the interaction consistent across studies?

Is the interaction consistent across closely related outcomes within the study?*

Is there indirect evidence that supports the hypothesised interaction (biological rationale)?

*New criteria.
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Table 5A - Distribution of baseline cytokine categories by treatment group

Variable Amoxicillin group Placebo group
(N = 46) (N =32)
n [ % n | %
Cytokine category, used for analyses 2 (A and B)
category 1 5 11 3 9
category 2 19 41 10 31
category 3 13 28 7 22
category 4 9 20 12 38
Sum 46 100 32 100

Table 5B - Distribution of baseline cytokine categories by treatment group
in those with nonmissing values for RMDQ at baseline and 1 year follow-up

Variable Amoxicillin group Placebo group
(N = 45) (N =27)
n | % n | %
Cytokine category, used for analyses 2 (A and B)
category 1 5 11 3 11
category 2 19 42 9 33
category 3 13 29 6 22
category 4 8 18 9 33
Sum 45 100 27 100

Table 5C - Distribution of baseline cytokine categories by treatment group
in compliers

Variable Amoxicillin group Placebo group
(N =41) (N = 24)
n | % n | %
Cytokine category, used for analyses 2 (A and B)
category 1 5 12 3 13
category 2 18 44 8 33
category 3 12 29 5 21
category 4 6 15 8 33
Sum 41 100 24 100
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Figure 3 - PCA biplot of serum cytokine levels in healthy controls and

patients with MCs
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